The fluid flows through both the fractures and pores in deep-seated rock masses, which is of special importance for the performance of underground facilities such as groundwater use and nuclear waste disposal [1] [2] [3] [4] [5] . Many researchers have contributed to modeling fluid flow through pores, fractures, and dual-porosity media, using the developed laboratory experimental systems, theories and numerical methods [6] [7] [8] [9] . Although the fluid flow is affected by stresses that always exist deep underground [10-13], we should first understand the hydraulic characteristics of fractured porous media [14, 15] . How to predict the permeability of a porous media and/or a fracture network, as well as how the interface of pores and fractures influences fluid flow, is still unknown [16, 17] . This is our motivation to handle this Special Issue (SI) of Processes, focusing on reporting the recent advances in fluid flow in fractured porous media.
This paper experimentally depicted the effect of dry-wet cycling on mechanical properties of rocks in a lab-scale. The results show that the uniaxial compressive strength decreases by a rate of 34.21% and the elastic modulus decreases by a rate of 44.63% when the wet-cycle number increases from 0-15. The dry-wet cycling has a significant influence on the distributions of particle size and pore structure. Soil in Xinjiang, China [49] .
This paper used the geotechnical experimental method to investigate the changes in particle size composition of reclaimed soil in Xinjiang, China. The results show that the granulometric composition of the reclaimed soil changes dramatically with varying depths from 10 m-70 m. For a depth of 10 m, the granulometric composition is similar with that of undisturbed reclaimed soil; while when the depth is 70 m, the fine particle content is greatly different with that of undisturbed reclaimed soil. Stabilization Using Industrial By-Products [50] .
This paper reported the chemical impact of dyeing and tannery on high plastic clay and low plastic clay, and examined the time-dependent variations in the properties at different effluent percentages. The results show that with increasing time upon dyeing contamination, the unconfined compressive strength of both soils increases. This paper proposed an effective mixing approach to simulate the mixing of viscoelastic fluids flowing through a simplified pore T-junction model. The results show that the mixing degree is relatively low, i.e., 0.15 for Newtonian fluid and 0.25 for viscoelastic fluid, under a constant driving pressure. When the phase difference is 180 • , the mixing degree has a maximum value of 0.82 for the viscoelastic fluid. Based on the Orthogonal Test [52] .
This paper developed a new fluid-solid coupling similar material, which is mixed using river sand, calcium carbonate, talc powder, white cement, Vaseline, and antiwear hydraulic oil. The results indicate that the selected raw materials and proportioning method are suitable for usage in a coal mine floor water inrush. This paper developed a fully coupled FEM-based hydro-mechanical model to understand the interaction between hydraulic fracture and oriented perforation. Here, FEM represents the finite element method. The results show that when the perforation azimuth from the direction of the maximum principal stress is larger, the curvature of the fracture during hydraulic fracture reorientation is larger. For the liquid-based hydraulic fracturing, an increase in liquid viscosity from 10 −3 Pa·s-1 Pa·s increases the critical perforation angle from 70 • -80 • .
(9) Wang, F. et al., Experimental Study on Feasibility of Enhanced Gas Recovery through CO 2 Flooding in Tight Sandstone Gas Reservoirs [54] .
This paper studied the feasibility of enhanced gas recovery through CO 2 flooding in tight sandstone gas reservoirs. The results show that the CO 2 flooding increases the gas recovery by a rate of 18.36% with respect to the depletion development method. A significant influence is observed from the presence of a dip angle in tight sandstone gas reservoirs. This paper exhibited the effect of collision angle on collision and adhesion behaviors of coal particles and bubbles. The results show that with the increment of collision angle, the distribution ranges of initial settlement position and particle central distribution interval expands outward. The resistance layer influences the velocity of particles and the collision angle affects the adhesion efficiency significantly. In this paper, gangue and fly ash samples are used as filling materials through tests on the optimal ratio of the slurry components using an Intelligent Torque Rheometer. The results show that the optimal slurry composition of coal gangue, fly ash and gelling agent should have a weight ratio of 8:3:1. The paste-like slurry can effectively reduce the surface subsidence. This paper experimentally studied the compression deformations and permeability of grading broken gangue under stresses. The results show that the stress of broken gangue has an exponential relationship with the strain, and the compression modulus is positively correlated with the compression rate. It is more difficult to compress for the samples with discontinuous grading than the continuous grading samples. This paper used the geological strength index (GSI) method to characterize the deformation and stress of surrounding rocks and the shaft lining under soft and hard strata in Anju coal mine, Shandong Province, China. The results show that when the shaft is excavated without supports, the shear failure and tensile failure occur in shallow surrounding rock shafts. The maximum shear stress and plastic zone appear around the interface between the soft and hard rocks. This paper estimated the 2D plane strain consolidation processes of unsaturated soils under vertical impeded drainage boundaries. The results show that the time domain can be efficiently calculated using the numerical inversion of the Laplace transform. The semi-analytical solutions agree well with the different solutions and the solutions reported in the literature. This paper explored the pore structure characteristics of soft coal masses using a mercury intrusion method, low-temperature liquid nitrogen adsorption, and scanning electron microscopy (SEM). The results show that the mercury-injection and mercury-ejection curves of soft coals have significant differences, while those of hard coals are very close. This indicates that in the soft coal, the pores are mainly open while in the hard coal, the pores are commonly closed. Besides, the fractal dimension of soft coals, which is used for characterizing pore distributions, is larger than that of hard coals. This paper simulated the filtration effect of cement-grout in fractured porous media using a 3D unified pipe network method. The grout is assumed to exhibit two-phase flow and the filtration effect depends on the concentration and rheology of the grout, and porosity and permeability of the fractured porous media. The results show that the size of the grout penetration region has a limited effect due to the filtration. This paper developed a new cement-based material with blast furnace slag to replace the ordinary Portland cement. The mechanical properties are tested using uniaxial compressive strength, X-ray diffraction, and thermal gravity, scanning electron microscope, and mercury intrusion porosimetry experiments. The results show that the mercury intrusion volume is decreased by 18% and 13%, and the most common pore size is decreased by 53% and 29%, for the samples manufactured using the new cement-based material and the ordinary Portland cement, respectively. This paper carried out a series of tests to study the shear-flow coupled behaviors of tensile fractures under constant normal stiffness conditions using a sever-controlled direct shearing apparatus. The results show that with increasing the initial normal stress and/or the fracture surface roughness, the peak shear stress increases. The surface roughness of fractures also increases residual shear stress. The larger normal stiffness leads to a larger normal stress and a smaller normal displacement during shearing. Study [66] .
This paper estimated the effect of backfill mining on strata movement and water inrush on the basis of a case study in Caozhuang coal mine, China. The results show that the backfill mining changes the deformation and amplitude of overburden and improves the ground pressure environment. The floor failure depth is much smaller in backfill mining, compared with that in traditional longwall mining. This paper studied the mechanical properties of sandstones under periodic water-rock interactions using central-cracked Brazilian disk specimens. The results show that the fracture resistance of sandstone is significantly influenced by the periodic water-rock interactions. The cyclic wetting-drying plays a more significant role on the fracture resistance of sandstones than the long-term immersion. Slopes [68] .
This paper reviewed the up-to-date status of seepage characteristic evolutions of fractured rock masses from lab-scale to the engineering scale. The experimental findings and newly developed numerical techniques on the nonlinear flow regimes of fluid were introduced and discussed in detail. Finally, the authors outlined the scientific progress in fractured rock seepage control theory and optimal design technologies of high-steep slope engineering. This paper designed a test system to estimate the evolutions of multi-parameters of gas-bearing colas under loading, which was then used to investigate the electrical potential responses during the deformation and fracturing. The results show that as the gas pressure increases, the confining action and the erosion effect are promoted. When the coal is cracked/damaged, the electrical potential dramatically increases to its maximum value. This paper experimentally studied the patterns of chloride ion erosion of unsaturated concrete, which subjected to a coupling effect of cyclic loading and salt spray corrosion. The Fick's second law was used to obtain the chloride diffusion coefficient by fitting the variation patterns of chloride concentration. The results show that the porosities of concrete with 30% fly ash and 20% mineral powder under three cyclic loading protocols of 50%, 65%, and 80% of the compression strength are 3.49%, 3.83%, and 4.71%, respectively. This paper reported a three-dimensional deterministic model to study the debris flow prediction based on the rainfall-unstable soil coupling mechanism. The results show that the proposed method is suitable for forecasting debris flows at the regional scale, and the application of the Scoops3D model can more efficiently characterize the slope stability than traditional two-dimensional models. This paper developed a 3D finite element method to simulate non-aqueous phase liquid transport in groundwater and verified its validity. In the proposed model, the weak form of mass balance equations for water was discretized in space using the Galerkin finite element method. The authors also adopted the mixed form formulations using both pressure water head and water saturation. The developed model can be used for preliminary evaluation of the migration and diffusion of non-aqueous liquid pollution in the fields. Sandstone [73] .
This paper reported the variations in pore structures and movable fluid traits in tight sandstones through direction observations, indirect measurements, and imaging processing techniques. The results show that the decreasing rate of water saturation in macropores is larger than that in tiny pores. The sandstones having a poor reservoir quality do not exhibit a remarkable descending of lower limits of movable pore radius. This paper developed coal-like materials with solid-gas coupling for quantitative simulation tests. The results show that the ratio of gypsum to petrolatum plays a dominant role on the density, compressive strength, elastic modulus, cohesion and deformation characteristics. The gas adsorption/desorption is controlled by the coal powder content. Finally, an empirical function is proposed to estimate the adsorption capacity. This paper studied the effect of minerals on crack propagation patterns and mechanical properties of red mudstones, based on numerical simulations using the discrete element method (DEM) modeling techniques. The results show that with the increases in circle size of the central mineral and/or mineral ratio, both the elastic modulus and uniaxial compression strength of the model increase. The mineral, which is located in the crack propagation paths, can effectively change the crack propagation direction. This paper depicted the influence of nitric acid modification on pore structures and surface properties of lignite. The results show that nitric acid modification can help lignite adsorb Pb 2+ . The nitric acid treatment increases the contents of polar oxygen-containing functional groups, including hydroxyl, carbonyl, and carboxyl groups on the surface of lignite.
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